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RADAR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation application of International Patent
Application No. PCT/JP2013/062654 filed Apr. 30, 2013,
the full content of which is hereby incorporated by reference
in its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a radar device.

2. Background Art

A vehicle-mount radar device of the related art is, for
example, arranged on a back side of a bumper of a vehicle
and can detect a position, a direction, a distance, a velocity,
etc., of an object by transmitting a transmission wave that
penetrates through the bumper, receiving a reflected wave
that is reflected by an object, and analyzing a relationship
between the transmission wave and the reflected wave.

Although the bumper is constituted by a member made of
a resin or the like that is permeable to electromagnetic
waves, depending on a positional relationship between an
antenna and the bumper, there may be a case in a pulse radar
where a radio wave transmitted from a transmitting antenna
is reflected on the bumper and a reflected radio wave is
reflected on a radar again, and an object is detected as if
there are a plurality of objects.

FIG. 16 is a plan view showing a substrate on which
antennas of the radar device of the related art are formed. As
shown in FIG. 16, a substrate 10 of a radar device 1A of the
related art is provided with a GND (Ground) copper foil
section 130 at the center thereof and a plurality of (in FIG.
16, four) antenna units 111 on a right-hand side thereof that
are arrayed to form a transmitting antenna 110. Further, a
plurality of (in FIG. 16, eight) antenna units 121 are pro-
vided on a left-hand side of the GND copper foil section 130
and are arrayed to form a receiving antenna 120.

FIG. 17 is a cross sectional view showing a state where
the substrate 10 shown in FIG. 16 is accommodated in a
radome 20 and stored at the back side of the bumper of the
vehicle. In an example of this diagram, the radome 20 made
of a resin having radio wave permeability is arranged to
cover a surface of the substrate 10 on which the antennas are
formed. The radar device 1A is arranged on the back side of
a bumper B.

In such a state, as indicated by a broken line, a part of the
radio wave transmitted from the transmitting antenna 110 is
reflected by the bumper B, and then is incident on the GND
copper foil section 130 and reflected thereon. Then, the part
of the radio wave is reflected again by the bumper B, and
thereafter is incident on the receiving antenna 120.

FIG. 18 is a diagram showing signals that are transmitted
and received by the radar device 1A, and specifically shows
a relationship between a transmission signal, reflected waves
from a bumper, and a received signal which is a reflected
wave from an object. In an example of this figure, the
transmission signal is transmitted from the transmitting
antenna 110 in a period T1, and the reflected wave from the
bumper B is received several times (in this example, four
times) in a subsequent period T2, while being attenuated. In
a subsequent period T3, the reflected wave from the object
(e.g., another vehicle) is received.

In this manner, when the reflected wave from the bumper
B is received, there may be a case where the radar device 1A
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falsely detects it as an object. In the example of FIG. 18, the
reflected waves from the bumper B and the reflected wave
from the object are not temporally overlapped, but, in a case
where they overlap, the reflected waves from the bumper B
becomes a noise and the radar device 1A cannot detect the
object accurately.

In the following cases, the reflected wave from the
bumper B could obstruct the detection of the object. For
example, in one case, a part of the radio wave transmitted
from the transmitting antenna 110 is reflected on the bumper
B, and then is incident on the GND copper foil section 130
and reflected thereon. Then, the part of the radio wave
penetrates the bumper B, and is reflected by an object. Then,
the part of the radio wave penetrates the bumper B again,
and is incident on the receiving antenna 120. In another case,
the radio wave transmitted from the transmitting antenna
110 penetrates the bumper B, and is reflected by an object.
Then, the part of the radio wave penetrates the bumper B
again, and is incident on the GND copper foil section 130
and reflected thereon. Then, the part of the radio wave is
reflected on the bumper B, and is incident on the receiving
antenna 120. The path of the reflected wave is not limited to
the above, and there may be a case where the aforemen-
tioned reflections occur in a combined manner.

Accordingly, in order to solve such a problem, in the
related art, there is a technique of reducing an influence of
the bumper on a transmission signal by providing the
bumper with an uneven geometry (Japanese Laid-Open
Patent Publication No. 2008-249678).

There is also a technique of reducing an influence of a
member such as a bumper, by controlling a modulation
frequency of the transmission signal in such a manner that
a reflection loss from the member such as the bumper is
minimized (Japanese Laid-Open Patent Publication No.
2006-317162).

Further, there is also a technique in which a reflector is
provided around an aperture in an array antenna unit, and an
amount of shift of a beam or a null point is reduced by an
existence of a radome (Japanese Laid-Open Patent Publica-
tion No. 2010-109890).

With the technique described in Patent Literature 1, since
it is necessary to form a complicated geometry at the back
side of the bumper, there is a drawback that a production
cost of the bumper is increased.

With the technique described in Patent Literature 2, since
the transmission frequency is adjusted, there is a drawback
that it is not applicable to a radar having a fixed transmission
frequency.

With the technique described in Patent Literature 3, there
is a drawback that it is not possible to reduce an influence of
reflection at an aperture of an array antenna.

Accordingly, the present disclosure relates to providing a
radar device that can reduce an influence of a structure, such
as a bumper that is constantly arranged on a transmission
path, on a transmission signal or a received signal.

SUMMARY

According to an aspect of the present disclosure, a radar
device configured and adapted to detect an object comprises
a transmitting antenna, a receiving antenna, and a dummy
antenna. The transmitting antenna is configured and adapted
to transmit a high frequency signal. The receiving antenna is
configured and adapted to receive a high frequency signal
transmitted by the transmitting antenna and reflected by the
object. The dummy antenna is configured and adapted to
attenuate a high frequency signal transmitted by the trans-
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mitting antenna and reflected by a structural object, the
structural object being constantly located within a transmis-
sion path of the high frequency signal. The dummy antenna
is further configured and adapted to be selectable to perform
at least one function in addition to the function of attenuating
a high frequency signal.

With such a configuration, an influence of a structure on
the transmission signal and the received signal can be
reduced without processing a structure such as a bumper,
which is constantly arranged on a transmission path, and
even in a case of a fixed transmission frequency. Further,
since the high frequency signal can be reduced by a dummy
antenna, an influence on the transmission signal and the
received signal can be reduced and an effective use of an
antenna can be achieved.

Also, an effective utilization of antennas can be further
promoted by making a dummy antenna configured and
adapted to be selectable to perform at least one function in
addition to the function of attenuating a high frequency
signal.

For example, when transmitting a high frequency signal,
by selecting the dummy antenna to function as a transmitting
antenna, a greater transmission area for radio wave emission
can be ensured, thus resulting in an improvement of the
transmission efficiency. Further, when receiving the
reflected wave, by selecting the dummy antenna to function
as a receiving antenna, a greater receiving area for capturing
a radio wave is ensured, thus resulting in an improvement in
a reception gain.

Further, in addition to the aforementioned aspect, the
structural object is a part on a vehicle in which the radar
device is installed. Also, in addition to the aforementioned
aspect, the structural object is a part of the radar device.

With such a configuration, by attenuating the reflected
wave that is reflected by the structural object that is a part on
a vehicle in which the radar device is installed and a part of
the radar device, occurrence of false detections is reduced
and no special processing is necessary for the structural
objection, the production cost can be reduced.

Further, in addition to the aforementioned aspect, the
dummy antenna is matched-terminated and is configured
and adapted to attenuate a high frequency signal transmitted
by the transmitting antenna and reflected by the structural
object by receiving and converting the high frequency signal
into heat.

With such a configuration, the high frequency signal can
be attenuated by a simple configuration.

Further, in addition to the aforementioned aspect, the at
least one function of the dummy antenna is transmitted a
high frequency signal when the transmitting antenna is
transmitting a high frequency signal. The dummy antenna is
configured and adapted to attenuate a high frequency signal
transmitted by at least one of the dummy and transmitting
antennae and reflected by the structural object when the
transmitting antenna is not transmitting a high frequency
signal.

With such a configuration, since an occurrence of false
detections is reduced and a dummy antenna is configured
and adapted to function as a transmitting antenna, transmis-
sion efficiency can be improved.

Further, in addition to the aforementioned aspect, the
dummy antenna is configured and adapted to attenuate a
high frequency signal when a high frequency signal trans-
mitted by the transmitting antenna and reflected by the
structural object is incoming, the dummy antenna being
match terminated when a high frequency signal transmitted
by the transmitting antenna and reflected by the structural
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4

object is incoming. The at least function comprises receiving
a high frequency signal when a high frequency signal
transmitted by the transmitting antenna and reflected by the
structural object is not incoming.

With such a configuration, since occurrence of false
detections is reduced and a dummy antenna is configured
and adapted to function as a receiving antenna, a reception
gain can be improved.

Further, in addition to the aforementioned aspect, the at
least one function comprises transmitting a high frequency
signal when the transmitting antenna is transmitting a high
frequency signal. The dummy antenna is configured and
adapted to attenuate a high frequency signal when a high
frequency signal transmitted by at least one of the dummy
and transmitting antennae and reflected by the structural
object is incoming. The dummy antenna is match terminated
when a high frequency signal transmitted by at least one of
the dummy and transmitting antennae and reflected by the
structural object is incoming. The at least one function
further comprises receiving a high frequency signal when
the transmitting antenna is not transmitting a high frequency
signal and a high frequency signal transmitted by at least one
of'the dummy and transmitting antennae and reflected by the
structural object is not incoming.

With such a configuration, since occurrence of false
detections is reduced and a dummy antenna is configured
and adapted to function as a transmitting antenna, transmis-
sion efficiency can be improved and also since a dummy
antenna is configured and adapted to function as a receiving
antenna, a reception gain can be improved.

Further, in addition to the aforementioned aspect, the
dummy antenna is configured and adapted to attenuate a
high frequency signal transmitted by the transmitting
antenna and reflected by the structural object by transmitting
a signal having a same amplitude as and a phase opposite to
the high frequency signal transmitted by the transmitting
antenna and reflected by the structural object.

With such a configuration, occurrence of false detections
can be reduced by cancelling out the reflected wave.

Further, according to an aspect of the present disclosure,
the dummy antenna is configured and adapted to attenuate a
high frequency signal transmitted by the transmitting
antenna and reflected by the structural object by transmitting
a signal having a same amplitude as and a phase opposite to
the high frequency signal transmitted by the transmitting
antenna and reflected by the structural object when the high
frequency signal transmitted by the transmitting antenna and
reflected by the structural object is incoming. The dummy
antenna is matched-terminated when the dummy antenna is
not transmitting a signal.

Also, in addition to the aforementioned aspect, the high
frequency signal transmitted by the transmitting antenna is
a signal containing a frequency from quasi-millimeter to
millimeter wave band.

With such a configuration, since the transmitting antenna
for sending a high frequency signal and the receiving
antenna for receiving a high frequency signal can be con-
structed smaller, the radar device can be miniaturized.

According to the present disclosure, a radar device can be
provided that can reduce an influence of the structure, such
as a bumper, on the transmission signal and the received
signal.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing an electrical configu-
ration of a basic embodiment of the present disclosure.
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FIG. 2 is a diagram showing an exemplary configuration
of the basic embodiment of the present disclosure.

FIG. 3 is a cross sectional view showing a state where the
substrate shown in FIG. 2 is accommodated in a radome.

FIG. 4 is a diagram for explaining an operation of a basic
embodiment of the present disclosure.

FIG. 5 is a graph showing an example of an isolation
result of the transmitting antenna and the receiving antenna.

FIG. 6 is a graph showing an exemplary improvement in
the isolation effect by the dummy antenna.

FIG. 7 is a block diagram showing an exemplary con-
figuration of a first embodiment of the present disclosure.

FIG. 8 is a diagram for explaining functions of the dummy
antenna of the first embodiment.

FIG. 9 is a block diagram showing an exemplary con-
figuration of a second embodiment of the present disclosure.

FIG. 10 is a diagram for explaining functions of the
dummy antenna of the second embodiment.

FIG. 11 is a block diagram showing an exemplary con-
figuration of a third embodiment of the present disclosure.

FIG. 12 is a diagram for explaining functions of the
dummy antenna of the third embodiment.

FIG. 13 is a block diagram showing an exemplary con-
figuration of a fourth embodiment of the present disclosure.

FIG. 14 is a diagram showing a relationship between a
transmission signal, reflected waves from a bumper, and a
reflected wave from an object in the fourth embodiment.

FIG. 15 is a diagram for explaining functions of the
dummy antenna of the fourth embodiment.

FIG. 16 shows an example of a substrate of a radar of the
related art.

FIG. 17 is a diagram showing a state in which the
substrate shown in FIG. 16 is accommodated in a radome
and stored at a back side of the bumper.

FIG. 18 is a diagram showing a relationship between a
transmission signal, reflected waves from a bumper and a
reflected wave from an object.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will
be described.

(A) Basic Embodiment

First, referring to FIG. 1, a configuration of a circuit
provided with an antenna in a radar device of a basic
embodiment of the present disclosure will be described.
FIG. 1 is a block diagram schematically showing a circuit of
the radar device. As shown in FIG. 1, the radar device has
a circuit formed therein that includes a transmitting antenna
110, a receiving antenna 120, a dummy antenna 150, and a
circuit selecting section 160.

An oscillation section 112, a switch 113 and an amplifier
114 are connected to the transmitting antenna 110. The
oscillation section 112 generates and outputs a signal in a
high frequency band. The switch 113 switches the signal
outputted from the oscillation section 112 in response to the
control of a control unit, not shown, to generate a pulse
signal and supply it to the amplifier 114. The amplifier 114
amplifies an electric power of the signal supplied from the
switch 113 and supplies it to the transmitting antenna 110.
The transmitting antenna 110 sends out the signal supplied
from the amplifier 114 as a radio wave.

An amplifier 122, a mixer 123, an ADC (Analog to Digital
Converter) 124 and a signal processing unit 125 are con-
nected to the receiving antenna 120. The amplifier 122
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6

amplifies and outputs an electric signal corresponding to the
radio wave captured by the receiving antenna 120. The
mixer 123 down-converts the signal outputted from the
amplifier 122 by a signal of a high frequency band supplied
from the oscillation section 112. The ADC 124 converts and
outputs an electric signal (analog signal) outputted from the
mixer 123 into a corresponding digital signal. The signal
processing unit 125 detects a position, a distance, a velocity,
etc., of the object by performing a predetermined process on
the digital signal outputted from the ADC 124 and outputs
them to a higher level device, not shown. In a case where it
is driven at a low frequency, it is not necessary to provide the
mixer 123.

Generally, a resistance element 152 is connected to the
dummy antenna 150. The resistance element 152 is a resis-
tance element for matched termination of the dummy
antenna 150. Specifically, the resistance element 152 has a
resistance value which is the same as a characteristic imped-
ance of the dummy antenna 150, and one terminal thereof is
connected to the dummy antenna 150 and the other terminal
thereof is grounded. When a plurality of antenna units exists
as the dummy antennas 150, one terminal of the resistance
element 152 may be connected to each of the antenna units
and the other terminal of the resistance element 152 may be
grounded. The dummy antenna 150 is configured to be
selectable as an antenna having another function by a circuit
selecting unit 160.

The circuit selecting unit 160 is a function part with which
the configuration of the antenna circuit of the radar device is
selectable depending on the control of a control unit, not
shown, and has a function of selecting the dummy antenna
150 to be connected to the amplifier 114 similarly to the
transmitting antenna 110 or to be connected to the amplifier
122 similarly to the receiving antenna 120.

For example, when the circuit selecting unit 160 connects
the dummy antenna 150 to the resistance element 152, the
dummy antenna 150 implements the function of capturing
and attenuating the reflected wave. Particularly, by connect-
ing the dummy antenna 150 to the resistance element 152 in
accordance with timing at which the transmission signal
transmitted from the radar device 1 and reflected by the
bumper B is incident on the radar device 1, the dummy
antenna 150 functions as a noise attenuating antenna that
captures and attenuates a noise that affects a received signal,
which is a reflected wave from an object. In a case where the
circuit selecting unit 160 selects a circuit such that the
dummy antenna 150 is connected to the amplifier 114, the
dummy antenna 150 functions as a transmitting antenna that
sends out an electric signal outputted from the oscillation
section 112. In a case where the circuit selecting unit 160
selects a circuit such that the dummy antenna 150 is con-
nected to the amplifier 122, the dummy antenna 150 func-
tions as a receiving antenna that captures and outputs a radio
wave to the mixer 123.

It is to be note that the circuit selecting unit 160 need not
possess all of the functions described above. For example,
the circuit selecting unit 160 may have a configuration that
has a function of selecting a circuit such that the dummy
antenna 150 functions as the transmitting antenna 110 but
does not have a function of selecting the circuit such that the
dummy antenna 150 functions as the receiving antenna 120.
On the other hand, the circuit selecting unit 160 may have
a configuration that has a function of selecting a circuit such
that the dummy antenna 150 functions as the receiving
antenna 120 but does not have a function of selecting the
circuit such that the dummy antenna 150 functions as the
transmitting antenna 110.
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FIG. 2 is a plan view showing a surface of the substrate
10 of the radar device 1 of a basic embodiment of the present
disclosure on which antennas are formed. As shown in this
figure, the transmitting antenna 110 is formed on the right-
hand side (the right-hand side in FIG. 2) of the substrate 10
with a plurality of (in FIG. 2, four) antenna units 111 being
arrayed. The receiving antenna 120 is formed on the left-
hand side (the left-hand side in FIG. 2) of the substrate 10
with a plurality of (in FIG. 2, eight) antenna units 121 being
arrayed. The dummy antenna 150 is formed at the center (at
the center in FIG. 2) of the substrate 10 with a plurality of
(in FIG. 2, eight) antenna units 151 being arrayed. Note that,
in the example of FIG. 2, the transmitting antennas 110 has
four units, the receiving antennas 120 has eight units, the
dummy antennas 150 has eight units, but any other combi-
nation of numbers of units may be used. Further, the
geometry of the antenna is not limited to the geometry
shown in FIG. 2 and antennas having other geometries may
be used. Among the constituent elements of the radar device,
those constituent elements other than the antenna circuit (the
transmitting antenna 110, the receiving antenna 120, and the
dummy antenna 150) shown in FIG. 2 may be provided
outside an antenna mounting region of the substrate 10, may
be provided on a back surface of the substrate 10, or may be
provided on a circuit board (not shown) that is different from
the substrate 10.

FIG. 3 is a cross sectional view showing a state where the
substrate 10 shown in FIG. 2 is accommodated in a radome
20. In the present example, the radome 20 is made of a resin
having radio wave permeability and has a box shape. The
substrate 10 is arranged in such a manner that a surface on
which antennas are formed faces inwardly of the radome 20.

Note that, in the embodiment, a high frequency band
refers to a band ranging from a quasi-millimeter wave to a
millimeter wave. A resonant length L. of the antenna is
generally represented by Equation 1 or Equation 2 described
below depending on the type of the antenna.

A [Equation 1]
L= ———
2% \/— er

A [Equation 2]
L= ———
4 x \/— er

An element pitch W when arranging the antenna units in
an array is generally represented by following Equation 3.

W<h [Equation 3]

In the equation, €r is a relative dielectric constant of the
substrate and A is a wavelength of a signal in the high
frequency band.

When a band of the high frequency signal sent out from
the transmitting antenna 110 ranges from a quasi-millimeter
wave to a millimeter wave, antenna areas of the transmitting
antenna 110 and the receiving antenna 120, as well as the
dummy antenna 150 can be reduced. For example, when a
band of the high frequency signal is 24.15 GHz band, which
is a quasi-millimeter wave band, and a relative dielectric
constant of the substrate 10 is 4, the substrate 10 of the radar
device 1 of the basic embodiment of FIG. 2 may be have a
size of around 75 mmx90 mm in accordance with the above
equations.

A basic operation of the embodiment will now be
described. FIG. 4 is a diagram for explaining an operation of
the basic embodiment of the present disclosure. As shown in
this FIG. 4, a radio wave transmitted from the transmitting
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antenna 110 is reflected by the bumper B and is incident on
the dummy antenna 150, as indicated by a broken line in
FIG. 4. Since the dummy antenna 150 is matched-terminated
as described above, the radio wave which is incident on the
dummy antenna 150 is converted into heat by the resistance
element 152 and thus most of the incident radio wave is not
reflected. As a result, since the radio wave reflected by the
bumper B is almost not incident on the receiving antenna
120, the reflected wave from the bumper B shown in FIG. 18
is drastically attenuated, and, a false detection by the radar
device 1 can be prevented.

As described above, in the embodiment, since the
matched-terminated dummy antenna 150 is provided on the
substrate 10, the radio wave reflected by the bumper B can
be prevented from being incident on the receiving antenna
120. Therefore, a false detection due to the reflected wave
from the bumper B can be prevented. Also, in the example
of FIG. 2, since the dummy antenna 150 is provided between
the transmitting antenna 110 and the receiving antenna 120,
the transmitting antenna 110 and the receiving antenna 120
are separated by the dummy antenna 150 that captures and
attenuates the reflected wave from the bumper B that
becomes a noise, and an influence of the reflected wave on
the received wave can be reduced. With the function of the
dummy antenna 150 being selectable in such a manner that
the dummy antenna 150 functions as another antenna other
than the noise attenuating antenna, an effective use of an
antenna can be promoted while reducing an influence of a
structure, such as a bumper, on the transmission signal and
the received signal.

Referring to FIG. 5, an observation result of this embodi-
ment will be described for a case where the high frequency
band is a quasi-millimeter band. FIG. 5 is a graph showing
a relationship between an isolation, which represents an
amount of coupling between the transmitting antenna 110
and the receiving antenna 120 in the radar device 1, and a
band of a signal that is sent out. In the graph, f0 indicates a
frequency of the high frequency signal, which is 24.15 GHz
here.

FIG. 5 shows an isolation result (solid line) for a case
where the bumper B does not exist and the dummy antenna
150 is not provided, an isolation result (dash-dot line) for a
case where the bumper B exists and the dummy antenna 150
is not provided, and an isolation result (broken line) for a
case where the bumper B exists and the dummy antenna 150
is provided. In other words, in FIG. 5, an isolation between
the transmitting antenna and the receiving antenna is used as
an index indicating an influence of the bumper on the
received signal. Note that the dummy antenna 150 that is
described with reference to FIG. 5 is assumed to be a noise
attenuating antenna. That is, in an electrical configuration in
the radar device 1 shown in FIG. 1, the dummy antenna 150
that is described with reference to FIG. 5 is connected to the
resistance element 152 by the circuit selecting unit 160, at an
incident timing of the reflected wave from the bumper B.

As shown in FIG. 5, it can be seen that, as compared to
a case where the bumper B does not exist, isolation is
degraded by approximately 15 dB at a maximum due to an
influence of the reflected wave produced by an existence of
the bumper B. Further, in the presence of the bumper B, it
can be seen that isolation is improved by providing the
dummy antenna 150.

FIG. 6 shows an amount of improvement in an isolation
result for a case where the dummy antenna 150 is provided
in a state where the bumper B exists. FIG. 6 is a graph that
has a horizontal axis representing the frequency of an
emitted signal and a vertical axis representing an amount of
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improvement in the isolation result. As shown in FIG. 6, it
can be seen that, by providing the dummy antenna 150, the
isolation result is improved by approximately 12 dB at a
maximum.

A detailed configuration and a function of each part of the
radar device 1 of present disclosure are described with
reference to first to fourth embodiments described below.

(B) First Embodiment

The first embodiment of the present disclosure will be
described. In the first embodiment, configurations of the
substrate 10 and the radome 20 are similar to those shown
in FIGS. 2 and 3, but an electrical configuration differs. FIG.
7 is a block diagram showing an example of the electrical
configuration of the first embodiment. Note that, in this
figure, parts corresponding to those shown in FIG. 1 are
accompanied by the same reference numerals and descrip-
tions thereof are omitted. As compared to FIG. 1, the first
embodiment shown in FIG. 7 has a switch 153 as the circuit
selecting unit 160. The switch 153 has a terminal connected
to the dummy antenna 150 and two selective terminals, in
which one of the selective terminals is connected to an
output terminal of the amplifier 114 and the other selective
terminal is connected to one of the terminals of the resis-
tance element 152. The switch 153 is controlled to select an
output terminal of the amplifier 114 during a period in which
the high frequency signal is transmitted from the transmit-
ting antenna 110, and to select a terminal of the resistance
element 152 as the transmission is terminated. Note that the
resistance element 152 is a termination resistance and has
the same resistance value as a characteristic impedance of
the dummy antenna 150.

An operation regarding the first embodiment will now be
described with reference to FIG. 8. FIG. 8 is a diagram
showing a function of the dummy antenna 150 of the first
embodiment of the radar device 1. Specifically, FIG. 8
shows, at an upper part, a time-series relationship between
a transmission signal, reflected waves R1 to R4 from the
bumper B, and a received signal which is a reflected wave
from an object, that are transmitted and received in the first
embodiment of the radar device 1 similarly to FIG. 18, and
shows, at a lower part, functions of the dummy antenna 150
at each timing.

In the first embodiment, in a period T1, shown in FIG. 8,
during which a transmission signal is transmitted from the
transmitting antenna 110, the dummy antenna 150 is con-
nected to the amplifier 114 by the switch 153. Thereby, a
signal outputted from the amplifier 114 is supplied to the
transmitting antenna 110 and also supplied to the dummy
antenna 150 via the switch 153, and as a result, the trans-
mission signal is transmitted not only from the transmitting
antenna 110 but also from the dummy antenna 150.

In a period T2 that is after the termination of the trans-
mission of the transmission signal, the dummy antenna 150
is connected to the resistance element 152 by the switch 153.
Thereby, the reflected waves R1 to R4 from the bumper B
that have been incident on the dummy antenna 150 are
supplied to the resistance element 152 and converted into
heat there. As a result, since the radio wave reflected by the
bumper B is attenuated, a false detection of the reflected
wave from the bumper B can be prevented.

As can be seen from FIG. 8, in the first embodiment, the
dummy antenna 150 is connected to the resistance element
152 in a period T3 as well. Since the reflected wave from the
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bumper B is attenuated also in the period T3, an influence on
the received signal which is the reflected wave from the
object can be reduced.

As has been described the above, in the first embodiment,
with an operation of the switch 153, the dummy antenna 150
is made to function as a transmitting antenna in the period
T1 and made to function as a noise attenuating antenna that
attenuates the reflected wave from the bumper B by being
matched-terminated in the periods T2 and T3. Thereby,
when transmitting a high frequency signal, transmission
efficiency can be improved by increasing an area of the
transmitting antenna while reducing an influence of reflected
waves R1 to R4 from the bumper B.

As has been described with reference to FIG. 8, the
dummy antenna 150 is connected to the resistance element
152 throughout the periods T2 to T3, and when the first
reflected wave R1 from the bumper B is attenuated by the
dummy antenna 150, subsequent reflected waves R2 to R4
are attenuated in comparison to the example shown in FIG.
18. Therefore, the function as a noise attenuating antenna is
sufficiently achieved.

Also, since levels of the reflected waves R2 to R4 are
decreased, the period T3 can be made to start earlier by
making the period T2 shorter as compared to FIG. 18. In this
case, the received signal, which is a reflected wave from the
object at a shorter distance, can be received without being
influenced by a noise which is the reflected wave from the
bumper B.

(C) Second Embodiment

The second embodiment of the present disclosure will be
described. In the second embodiment, configurations of the
substrate 10 and the radome 20 are similar to those shown
in FIGS. 2 and 3, but an electrical configuration differs. FIG.
9 is a block diagram showing an example of the electrical
configuration of the second embodiment. Note that, in this
figure, parts corresponding to those shown in FIG. 1 are
accompanied by the same reference numerals and descrip-
tions thereof are omitted. As compared to FIG. 1, the second
embodiment shown in FIG. 9 has a switch 153 as the circuit
selecting unit 160. The switch 153 has a terminal connected
to the dummy antenna 150 and two selective terminals, in
which one of the selective terminals is connected to a
terminal of the resistance element 152 and the other selec-
tive terminal is connected to an input terminal of the
amplifier 122. The switch 153 is controlled by a control unit,
not shown, to select an output of the resistance element 152
when a reflected wave from the bumper B is incoming and
to select an input terminal of the amplifier 122 when a
reflected wave from the object is incoming.

An operation regarding the second embodiment will be
described with reference to FIG. 10. FIG. 10 is a diagram
showing a function of the dummy antenna 150 of the second
embodiment of the radar device 1. Specifically, FIG. 10
shows, at an upper part, a time series relationship between
the transmission signal, the reflected waves R1 to R4 from
the bumper B, and a reflected wave (received signal) from
an object, that are transmitted and received in the second
embodiment of the radar device 1 similarly to FIG. 18, and
shows, at a lower part, functions of the dummy antenna 150
at each timing.

In the second embodiment, the dummy antenna 150 is
connected to the resistance element 152 by the switch 153 in
the periods T1 and T2 in FIG. 10. Thereby, the reflected
waves R1 to R4 from the bumper B that are incident on the
dummy antenna 150 are supplied to the resistance element
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152, and are converted into heat there. As a result, since the
radio wave reflected by the bumper B is attenuated, the
reflected wave from the bumper B can be prevented from
being falsely detected as the received wave.

In the period T3 during which the reflected wave from an
object is incoming, the dummy antenna 150 is connected to
the amplifier 122 by the switch 153. Thereby, not only the
reflected wave from the object that is incident on the
receiving antenna 120 but also the reflected wave from the
object that is incident on the dummy antenna 150 is supplied
to the amplifier 122. As a result, by increasing an area of the
receiving antenna to increases a reception gain, a detecting
distance can be increased.

As shown in FIG. 10, in the second embodiment, the
dummy antenna 150 is connected to the resistance element
152 also in the period T1, during which the transmission
signal is transmitted from the transmitting antenna 110.
Thereby, since the reflected wave from the bumper B is also
attenuated in the period T1, for example when a cycle of T1
to T3 in FIG. 10 is repeated, a reflected wave produced by
a reflection of the transmission signal, which was transmit-
ted in the previous cycle, on the bumper B can be attenuated
and an influence on the received signal can be reduced.

As has been described above, in the second embodiment,
the dummy antenna 150 is matched-terminated in periods T1
and T2 to function as a noise attenuating antenna that
attenuates the reflected wave from the bumper B, and to
function as a receiving antenna in the period T3. Thereby,
while it is possible to attenuate the reflected wave from the
bumper B by converting it into heat and to suppress an
influence of the reflected wave, a detection distance can be
increased by increasing an area of the receiving antenna and
by increasing a reception gain at the time of reception of the
received signal.

As has been described with reference to FIG. 10, the
switch 153 is connected to the resistance element 152
throughout the periods T1 to T2, and when the first reflected
wave R1 from the bumper B is attenuated by the dummy
antenna 150, subsequent reflected waves R2 to R4 are
attenuated in comparison to the example shown in FIG. 18.
Therefore, the function as a noise attenuating antenna is
sufficiently achieved.

Also, since levels of the reflected waves R2 to R4 are
decreased, the period T3 can be started earlier by making the
period T2 shorter in comparison to FIG. 18. In this case, the
received signal which is the reflected wave from the object
at a shorter distance can be received without being influ-
enced by the reflected wave.

(D) Third Embodiment

The third embodiment of the present disclosure will be
described. In the third embodiment, configurations of the
substrate 10 and the radome 20 are similar to those shown
in FIGS. 2 and 3, but an electrical configuration differs. FIG.
11 is a block diagram showing an example of the electrical
configuration of the third embodiment. Note that, in this
figure, parts corresponding to those shown in FIG. 1 are
accompanied by the same reference numerals and the
descriptions thereof are omitted. As compared to FIG. 1, the
third embodiment shown in FIG. 11 has a switch 154 as the
circuit selecting unit 160. The switch 154 has a terminal
connected to the dummy antenna 150 and three selective
terminals, in which one of the selective terminals arranged
upper most in the figure is connected to an output terminal
of'the amplifier 114, a middle selective terminal is connected
to the resistance element 152, and a selective terminal
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arranged lower most in the figure is connected to an input
terminal of the amplifier 122.

An operation regarding the third embodiment will be
described. FIG. 12 is a diagram showing a function of the
dummy antenna 150 of the third embodiment of the radar
device 1. Specifically, FIG. 12 shows, at an upper part, a
time series relationship between a transmission signal,
reflected waves R1 to R4 from the bumper B, and a reflected
wave (received signal) from an object that are transmitted
and received in the third embodiment of the radar device 1
similarly to FIG. 18, and, at a lower part, functions of the
dummy antenna 150 at each timing.

In the third embodiment, the dummy antenna 150 is
connected to the amplifier 114 by the switch 154 in the
period T1 in FIG. 12. Thereby, the transmission signal is
transmitted from the dummy antenna 150 similarly to the
transmitting antenna 110. In the period T2, the dummy
antenna 150 is connected to the resistance element 152 by
the switch 154. Thereby, the reflected waves R1 to R4 from
the bumper B that are incident on the dummy antenna 150
are converted into heat by the resistance element 152 and
attenuated. In the period T3, the dummy antenna 150 is
connected to the amplifier 122 by the switch 154. Thereby,
the received signal that is incident on the dummy antenna
150 is, similarly to the signal received by the receiving
antenna 120, outputted to the amplifier 122.

As has been described above, in the third embodiment, by
an operation of the switch 154, the dummy antenna 150
functions as a transmitting antenna in the period T1, func-
tions as a noise attenuating antenna that attenuates the
reflected wave from the bumper B by being matched-
terminated in the period T2, and functions as a receiving
antenna in the period T3. Accordingly, transmission effi-
ciency is improved by increasing an area of the transmitting
antenna when transmitting radio waves, an influence of the
reflected waves is suppressed by converting the incoming
reflected waves into heat to attenuate the reflected wave in
a period during which the reflected waves R1 to R4 from the
bumper B are incoming, and a detection distance can be
increased by increasing an area of the receiving antenna to
increase the reception gain when receiving the received
signal.

As has been described with reference to FIG. 12, the
dummy antenna 150 is connected to the resistance element
152 throughout the period T2, and when the first reflected
wave R1 from the bumper B is attenuated by the dummy
antenna 150, subsequent reflected waves R2 to R4 are
attenuated in comparison to the example shown in FIG. 18.
Therefore, the function as a noise attenuating antenna is
sufficiently achieved.

Since levels of the reflected waves R2 to R4 are
decreased, the period T3 can be made to start earlier by
making the period T2 shorter as compared to FIG. 18. In this
case, the received signal which is the reflected wave from
the object at a shorter distance can be received without being
influenced by a noise which is the reflected wave from the
bumper B.

(E) Fourth Embodiment

The fourth embodiment of the present disclosure will be
described. In the fourth embodiment, configurations of the
substrate 10 and the radome 20 are similar to those shown
in FIGS. 2 and 3, but an electrical configuration differs. FIG.
13 is a block diagram showing an example of the electrical
configuration of the fourth embodiment. Note that, in this
figure, parts corresponding to those shown in FIG. 1 are
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accompanied by the same reference numerals and descrip-
tions thereof are omitted. As compared to FIG. 1, the fourth
embodiment shown in FIG. 13 has a configuration that has
a coupler 115, a resistance element 1524, an attenuator 155
and a phase shifter 156 as the circuit selecting unit 160. The
remaining configuration is similar to the case of FIG. 1.
Here, the coupler 115 distributes and outputs a part of the
signal outputted from the amplifier 114 to the attenuator 155
side. The resistance element 1524 terminates the coupler
115. The attenuator 155 attenuates and outputs the signal
outputted from the coupler 115 by a predetermined amount.
The phase shifter 156 shifts and outputs a phase of the signal
outputted from the attenuator 155 by a predetermined
amount. The dummy antenna 150 transmits the signal out-
putted from the phase shifter 156 as a radio wave for
cancelling out the reflected wave from the bumper B (here-
inafter, referred to as a cancellation signal C). That is to say,
the fourth embodiment is a variant configuration example in
which, in a circuit structure of the basic embodiment of the
radar device 1 of the present disclosure shown in FIG. 1, the
resistance element 152 is replaced with the coupler 115, the
resistance element 1524 and the attenuator 155 and the
phase shifter 156.

An operation regarding the fourth embodiment will be
described. FIG. 14 is a diagram showing signals that are
transmitted and received in the fourth embodiment of the
radar device 1, and specifically showing a relationship
between the transmission signal, the reflected waves from
the bumper, and the reflected wave (received signal) from an
object. In other words, FIG. 11 shows, at an upper part,
amplitude and time of each of a transmission signal from the
radar device 1, reflected waves from the bumper B, and a
reflected wave from an object similarly to FIG. 14, and, at
a lower part, amplitude and time of a cancellation signal C
transmitted from the dummy antenna 150 of the fourth
embodiment.

In the example of FIG. 14, in the period T1, the trans-
mission signal is transmitted from the transmitting antenna
110 and, in the subsequent period T2, the reflected wave
from the bumper B is received several times (in FIG. 14,
four times) while being attenuated. The reflected wave from
an object (e.g., another vehicle) is received in the subsequent
period T3.

In the fourth embodiment, as shown in the lower part of
FIG. 14, the cancellation signal C, which is a radio wave for
cancelling out the reflected wave R1 from the bumper B, is
transmitted from the dummy antenna 150. In other words, at
the timing when the first reflected wave R1 from the bumper
B in the period T2 is incident on the dummy antenna 150, a
cancellation signal C having the same intensity as the
reflected wave R1 and a phase which is 180 degrees out of
phase is transmitted from the dummy antenna 150 and
cancels out the reflected wave R1. Thereby, an influence of
the reflected wave R1 is decreased and the reflected wave R1
which is reflected by the substrate 10 is further reflected on
the bumper B, and an influence of further reflected waves R2
to R4 which are incident on the receiving antenna 120 can
also be decreased.

More specifically, in the fourth embodiment of the radar
device 1, most of the signals outputted from the amplifier
114 is transmitted via the transmitting antenna 110 in the
period T1. A part of the signal outputted from the amplifier
114 is distributed by the coupler 115 and is supplied to the
attenuator 155. After attenuating the signal outputted from
the coupler 115 by a predetermined amount, the attenuator
155 outputs it to the phase shifter 156. In the phase shifter
156, the inputted signal is phase shifted (delayed) and
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outputted. The signal outputted from the phase shifter 156 is
transmitted as a cancellation signal C via the dummy
antenna 150. The cancellation signal C transmitted from the
dummy antenna 150 is adjusted by the attenuator 155 in such
a manner that it has the same amplitude as the first reflected
wave R1 from the bumper B, and adjusted by the phase
shifter 156 in such a manner that it is phase shifted by 180
degrees and emitted at a timing when the reflected wave R1
is incident on the dummy antenna 150. With such a cancel-
lation signal C, the reflected wave R1 is cancelled out. As a
result, the reflected waves R1 to R4 from the bumper in the
period T2 are attenuated.

As has been described above, with the fourth embodi-
ment, an influence of the reflected wave can be decreased,
since an output signal from the amplifier 114 is partly
distributed by the coupler 115 and attenuated by the attenu-
ator 155 and thereafter phase shifted by the phase shifter
156, outputted from the dummy antenna 150 and attenuated
by cancelling out the reflected wave.

Note that, the fourth embodiment may also be configured
in such a manner that a destination of connection of the
dummy antenna 150 can be changed using the circuit
selecting unit 160.

For example, one of the selective terminals of a switch
connected to the dummy antenna 150 may be connected to
an output terminal of the phase shifter 156 and the other
selective terminal may be connected to an input terminal of
the amplifier 122. In a case of such a configuration, in the
period T2 in FIG. 14, the reflected wave from the bumper B
can be attenuated by selecting a terminal of the switch on the
phase shifter 156 side to cause the cancellation signal C to
be emitted from the dummy antenna 150. In the period T3,
by selecting a terminal of the switch on the amplifier 122
side, the dummy antenna 150 can be made to function as a
receiving antenna to thereby increase an area of the receiv-
ing antenna and to increase a reception gain.

One of the selective terminals of the switch connected to
the dummy antenna 150 may be connected to an output
terminal of the phase shifter 156, and the other selective
terminal may be connected to an output terminal of the
coupler 115 on the transmitting antenna 110 side. With such
a configuration, by selecting a terminal of the switch on the
coupler 115 side in the period T1 in FIG. 14, it functions as
a transmitting antenna and transmission efficiency can be
improved. In the period T2, the reflected wave from the
bumper B can be attenuated by emitting the cancellation
signal C from the dummy antenna 150.

One of the selective terminals of the switch connected to
the dummy antenna 150 may be connected to an output
terminal of phase shifter 156, and the other selective termi-
nal may be connected to the resistance element 152 for
matched termination of the dummy antenna 150 shown in
FIG. 1 or the like. With such a configuration, the dummy
antenna 150 may function as an antenna emitting the can-
cellation signal C during a part of the period T2 in FIG. 14
only (e.g., a timing when the first reflected wave R1 from the
bumper B is incoming) and, in the remaining period, may
function as a noise attenuating antenna that captures and
attenuates the reflected wave. With such a configuration, an
influence of the reflected wave from the bumper B can be
further reduced.

Note that it may be configured by combining the afore-
mentioned configurations. In other words, as shown in FIG.
15, it has a configuration in which destination of connection
is appropriately selected by the circuit selecting unit 160 in
such a manner that the dummy antenna 150 functions as a
transmitting antenna in the period T1, functions as an
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antenna that transmits a cancellation signal C at a timing in
the period T2 when the first reflected wave R1 from the
bumper B is incoming, functions as a noise attenuating
antenna that captures and attenuates the reflected wave in the
remaining period of the period T2, and functions as the
receiving antenna in the period T3.

Since levels of the reflected waves R2 to R4 are
decreased, the period T3 can be made to start earlier by
shortening the period T2 as compared to FIG. 18. In this
case, the receiving signal which is the reflected wave from
the object at a shorter distance can be received without being
influenced by the noise which is the reflected wave from the
bumper B.

The cancellation signal C transmitted from the dummy
antenna 150 does not need to be intended for cancelling out
the first reflected wave R1 from the bumper B, and may be
adjusted to cancel out other reflected waves (e.g., reflected
waves R2 to R4). For example, the dummy antenna 150 may
be configured to transmit, at the timing when the reflected
wave R2 is incident on the dummy antenna 150, a cancel-
lation signal C which is adjusted by the attenuator 155 and
the phase shifter 156 such that it has the same amplitude as
the reflected wave R2 and has a phase that differs by 180
degrees. When at least one of the reflected waves R1 to R4
from the bumper B can be attenuated by the cancellation
signal C, an influence of the reflected wave from the bumper
B can be decreased. Of course, a plurality of reflected waves
among the reflected waves R1 to R4 may be attenuated by
the cancellation signal C.

(F) Variant Embodiment

Note that each of the aforementioned embodiments is
given by way of example, and various variant embodiments
exist. For example, the geometry, the number of units and
the arrangement of the transmitting antenna 110, the receiv-
ing antenna 120 and the dummy antenna 150 shown in FIG.
2 are given by way of example, and other configuration is
also conceivable. For example, the transmitting antenna, the
receiving antenna and the dummy antenna need not be
formed separate, and all of them may be formed integral or
two types among them may be formed integral. The struc-
ture of the antenna itself need not be formed on a printed
circuit board, but may be configured as various antennas
including a horn antenna. The arrangement of the transmit-
ting antenna, the dummy antenna, and the receiving antenna
may be interchanged. The dummy antenna may be arranged
around the transmitting antenna and the receiving antenna.
Each antenna need not be arranged on the same plane.

Further, the position where the dummy antenna is
arranged not limited thereto, and for example, the configu-
ration may be such that the dummy antenna is arranged on
a structure such as a bumper or a radome.

Further, a switch used for selecting between the dummy
antenna and the receiving and transmitting antennas may be
configured to be switched by a machine type switch or an
electronic type switch.

Further, in the aforementioned description, the bumper B
was described as an example of the member by which the
transmitting antenna 110 is reflected, but the present disclo-
sure is also applicable to a case in which the radio wave is
reflected by a member other than the bumper (e.g., an
emblem). That is to say, for example, in the present disclo-
sure, “a structure constantly arranged on a transmission path
of the high frequency signal” is not limited to the bumper B,
and may also include, for example, an emblem, a radome
constituting the radar device 1 or the like.
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In FIGS. 11 and 14, a case in which there are four reflected
waves from the bumper B was shown by way of example,
but the number of reflected waves may be other than this (1
to 3 waves or five or more waves). Also, in FIGS. 11 and 14,
a case in which the reflected wave from the bumper B and
the reflected wave from an object are not superposed was
explained by way of example, but the present disclosure is
also applicable to a case where they are superposed.

What is claimed is:

1. A radar device configured and adapted to detect an
object, comprising:

a transmitting antenna configured and adapted to transmit

a high frequency signal;

a receiving antenna configured and adapted to receive a
high frequency signal transmitted by the transmitting
antenna and reflected by the object; and

a dummy antenna configured and adapted to attenuate a
high frequency signal transmitted by the transmitting
antenna and reflected by a structural object, the struc-
tural object being constantly located within a transmis-
sion path of the high frequency signal,

the dummy antenna being further configured and adapted
to be selectable to perform at least one function in
addition to the function of attenuating a high frequency
signal.

2. The radar device according to claim 1, wherein the
structural object is a part on a vehicle in which the radar
device is installed.

3. The radar device according to claim 2, wherein the
structural object is a part of the radar device.

4. The radar device according to claim 1, wherein the
dummy antenna is matched-terminated, the dummy antenna
being configured and adapted to attenuate a high frequency
signal transmitted by the transmitting antenna and reflected
by the structural object by receiving and converting the high
frequency signal into heat.

5. The radar device according to claim 1, wherein the at
least one function comprises transmitting a high frequency
signal when the transmitting antenna is transmitting a high
frequency signal, the dummy antenna being configured and
adapted to attenuate a high frequency signal transmitted by
at least one of the dummy and transmitting antennae and
reflected by the structural object when the transmitting
antenna is not transmitting a high frequency signal, the
dummy antenna being match terminated when the transmit-
ting antenna is not transmitting a high frequency signal.

6. The radar device according to claim 1, wherein the
dummy antenna is configured and adapted to attenuate a
high frequency signal when a high frequency signal trans-
mitted by the transmitting antenna and reflected by the
structural object is incoming, the dummy antenna being
match terminated when a high frequency signal transmitted
by the transmitting antenna and reflected by the structural
object is incoming, the at least one function comprising
receiving a high frequency signal when a high frequency
signal transmitted by the transmitting antenna and reflected
by the structural object is not incoming.

7. The radar device according to claim 1, wherein the at
least one function comprises transmitting a high frequency
signal when the transmitting antenna is transmitting a high
frequency signal, the dummy antenna being configured and
adapted to attenuate a high frequency signal when a high
frequency signal transmitted by at least one of the dummy
and transmitting antennae and reflected by the structural
object is incoming, the dummy antenna being match termi-
nated when a high frequency signal transmitted by at least
one of the dummy and transmitting antennae and reflected
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by the structural object is incoming, the at least one function
further comprising receiving a high frequency signal when
the transmitting antenna is not transmitting a high frequency
signal and a high frequency signal transmitted by at least one
of'the dummy and transmitting antennae and retlected by the
structural object is not incoming.

8. The radar device according to claim 1, wherein the
dummy antenna is configured and adapted to attenuate a
high frequency signal transmitted by the transmitting
antenna and reflected by the structural object by transmitting
a signal having a same amplitude as and a phase opposite to
the high frequency signal transmitted by the transmitting
antenna and reflected by the structural object.

9. The radar device according to claim 8, wherein the
dummy antenna is configured and adapted to attenuate a
high frequency signal transmitted by the transmitting
antenna and reflected by the structural object by transmitting
a signal having a same amplitude as and a phase opposite to
the high frequency signal transmitted by the transmitting
antenna and reflected by the structural object when the high
frequency signal transmitted by the transmitting antenna and
reflected by the structural object is incoming, the dummy
antenna being matched-terminated when the dummy
antenna is not transmitting a signal.

10. The radar device according to claim 1, wherein the
high frequency signal transmitted by the transmitting
antenna is a signal containing a frequency from quasi-
millimeter to millimeter wave band.
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